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(57) Abstract 

An object of the invention is to provide a method for delivery of macromolecules into biological cells, such as Langerhans cells 
(22) in the epidermis (20) of a patient, which includes the steps of coating electodes (16) in an electrode assembly (12) with solid phase 
macromolecules to be delivered, such as a DNA, and/or RNA vaccine or a protein-based vaccine, attaching the electrode assembly (12) 
having the coated electrodes (16) to an electrode assembly holder (13), providing a waveform generator (15), establishing electrically 
conductive pathways between the electrodes (16), and the waveform generator (15), locating the electrodes (16) such that the biological 
cells are situated therebetween, such as by penetrating the needle electrode (16) into the epidermis (20) above the epidermal basal lamina, 
and providing pulse waveform from the waveform generator (15) to the electrodes (16), such that macromolecule on the electrodes (16) is 
driven off of the electrodes (16), and delivered into the biological cells, such as the Langerhans cells (22). 
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Claims 

What is claimed is: 

1. A method for delivery of molecules into 
5 biological cells, comprising the steps of: 

coating electrodes in an electrode assembly 
with the molecules to be delivered, 

attaching the electrode assembly having coated 
electrodes to an electrode assembly holder, 
10 providing a waveform generator, 

establishing electrically conductive pathways 
between the electrodes and the waveform generator, 

locating the electrodes such that the 
biological cells are situated therebetween, and 
15 providing pulse waveforms from the waveform 

generator to the electrodes, such that molecules on the 
electrodes are driven off of the electrodes and delivered 
into the biological cells, 

20 2 - The method of claim l wherein the electrodes are 

in a form of needle electrodes. 

3 . The method of claim 1 wherein the molecules are 
delivered into the biological cells using pulse waveforms 

25 which have an absolute voltage in a range of from 0.1 to 
1,000 volts. 

4. The method of claim 1 wherein the molecules are 
delivered with reduced sensation in a patient to 

30 Langerhans cells in epidermal tissue of the patient, 
wherein the pulse waveforms have an absolute applied 
voltage in a range of 0.1 to 300 volts, wherein electrodes 
of opposite polarity are separated by a separation 
distance in a range of from 50 to 500 microns, and wherein 

35 the electrodes are penetrated into the epidermal tissue up 
to and slightly beyond the basal lamina layer of the 
epidermal tissue. 
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5. The method of claim l wherein the pulse 
waveforms which drive the coating molecules off of the 
electrodes are electrophoresis waveforms. 

5 6. The method of claim l wherein the pulse 

waveforms which drive the coating molecules off of the 
electrodes are electrophoresis waveforms in a range of 
from 0.1 to 100 volts/cm., 

10 7 - Th e method of claim l wherein the pulse 

waveforms which deliver the driven-off molecules into the 
biological cells are electroporation waveforms. 

8. The method of claim l wherein the pulse 

15 waveforms which deliver the driven-off molecules into the 
biological cells are electroporation waveforms in a range 
of from 100 to 20,000 volts/cm.. 

9. The method of claim l wherein common pulse 
20 waveforms both drive the coating molecules off of the 

electrodes and deliver the driven-off molecules into the 
biological cells. 

10. The method of claim 1 wherein the biological 
25 cells are in vivo. 

11. The method of claim l wherein the biological 
cells are ex vivo. 

30 12 • The method of claim l wherein the biological 

cells are in vitro. 

13. The method of claim l wherein the biological 
cells are in epidermal tissue. 

35 

14. The method of claim 1 wherein the biological 
cells are Langerhans cells in the epidermal tissue. 
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15. The method of claim l wherein the pulse 
waveforms are provided by applying a sequence of at least 
three single, operator- controlled, independently 
programmed, DC electrical pulses, to the biological cells, 
5 wherein the sequence of at least three DC electrical 
pulses has one, two, or three of the following 
characteristics: (a) at least two of the at least three 
pulses differ from each other in pulse amplitude; (b) at 
least two of the at least three pulses differ from each 
10 other in pulse width; and (c) a first pulse interval for a 
first set of two of the at least three pulses is different 
from a second pulse interval for a second set of two of 
the at least three pulses* 

15 16 * Th e method of claim 1, further including: 

providing the electrode assembly holder with 
electrically conductive pathways between the electrode 
assembly and the waveform generator. 

20 17 - The method of claim 1, further including: 

providing the electrode assembly in a sterile 
package , and 

removing the electrode assembly from the 
sterile package prior to use. 

25 

18. The method of claim 1, further including: 
providing the electrodes with electrically 
insulated outer surface electrode tip portions. 

30 19 • The method of claim 1, further including: 

providing the electrodes with electrically 
insulated outer surface electrode base portions. 

20. The method of claim l wherein the molecules in 
35 the electrode coating are in a solid phase. 
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21. The method of claim 1 wherein the molecules in 
the electrode coating are macromolecules . 

22. The method of claim 1 wherein the 

5 macromolecules in the electrode coating include a 
polynucleotide vaccine. 

23 . The method of claim 1 wherein the 
macromolecules in the electrode coating include a solid 

10 phase polynucleotide vaccine. 

24. The method of claim 1 wherein the 
macromolecules in the electrode coating include a DNA 
vaccine . 

15 

25. The method of claim 1 wherein the 
macromolecules in the electrode coating include a solid 
phase DNA vaccine. 

20 26. The method of claim l wherein the 

macromolecules in the electrode coating include a RNA 
vaccine , 

27. The method of claim 1 wherein the 

25 macromolecules in the electrode coating include a solid 
phase RNA vaccine. 

28. The method of claim 1 wherein the 
macromolecules in the electrode coating include a protein- 

30 based vaccine. 

29. The method of claim 1 wherein the 
macromolecules in the electrode coating include a solid 
phase protein-based vaccine. 

35 

30. The method of claim 1 wherein coating of the 
electrodes in the electrode assembly with the molecules to 
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be delivered to the biological cells is carried out by the 
following steps: 

preparing a liquid medium in which a quantity 
of the molecules are carried, 
5 contacting the electrodes with the prepared 

medium, and 

removing the electrodes from the medium and 
drying off the medium, such that a coating of the 
molecules remains on the electrodes . 

10 

31. The method of claim 1 wherein coating of the 
electrodes in the electrode assembly with the molecules to 
be delivered to the biological cells is carried out by the 
following steps: 

15 preparing a liquid medium in which a quantity 

of the molecules are carried, 

contacting the electrodes with the prepared 

medium, 

applying pulse waveforms to the electrodes, 
20 such that a portion of the molecules are bound to the 
electrodes, and 

removing the electrodes from the medium and 
drying off the medium, such that a coating of the 
molecules remains on the electrodes. 

25 

32. A method for delivery of polynucleotide vaccine 
into Langerhans cells in the epidermis of a patient, 
comprising the steps of : 

coating electrodes in an electrode assembly 
30 with solid phase polynucleotide vaccine, 

attaching the electrode assembly having coated 
electrodes to an electrode assembly holder, 
providing a waveform generator, 
establishing electrically conductive pathways 
35 between the electrodes and the waveform generator, 
locating the electrodes such that the 
Langerhans cells are situated therebetween, and 
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providing pulse waveforms from the waveform 
generator to the electrodes, such that polynucleotide 
vaccine on the electrodes are driven off of the electrodes 
and delivered into the Langerhans cells. 

5 

33. An apparatus for delivery of molecules into 
biological cells, comprising: 

a waveform generator which provides pulse 

waveforms , 

10 an electrode assembly holder, 

an electrode assembly which is mechanically 
supported by said electrode assembly holder and which is 
electrically connected to said waveform generator through 
electrically conductive pathways, wherein said electrode 

15 assembly includes electrodes which are coated with the 
molecules to be delivered into the biological cells. 

34. The apparatus of claim 33 wherein said 
electrode assembly is removable and replaceable from said 

20 electrode assembly holder. 

35. The apparatus of claim 33 wherein: 

said electrode assembly includes electrode- 
assembly- conductive strips, and 

25 said electrode assembly holder includes holder 

conductors which are registrable with said electrode- 
assembly- conductive strips when said electrode assembly is 
mechanically connected to said electrode assembly holder, 
and wherein said electrode assembly holder includes 

30 electrically conductive pathways between said holder 
conductors and said waveform generator. 

36. The apparatus of claim 33, further including: 
sterile packaging for said electrode assembly 

35 which is removed from said electrode assembly after said 
electrode assembly is mechanically supported by said 
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electrode assembly holder and is electrically connected to 
said waveform generator. 

37. The apparatus of claim 33 wherein said waveform 
5 generator provides pulse waveforms which include a 
sequence of at least three single, operator-controlled, 
independently programmed, DC electrical pulses, to the 
biological cells wherein the sequence of at least three DC 
electrical pulses has one, two, or three of the following 

10 characteristics: (a) at least two of the at least three 
pulses differ from each other in pulse amplitude; (b) at 
least two of the at least three pulses differ from each 
other in pulse width; and (c) a first pulse interval for a 
first set of two of the at least three pulses is different 

15 from a second pulse interval for a second set of two of 
the at least three pulses. 

38. The apparatus of claim 33 wherein said 
electrodes are in a form of needle electrodes. 

20 

39. The apparatus of claim 33 wherein said 
electrodes include electrically insulated outer surface 
electrode tip portions and electrically insulated outer 
surface electrode base portions, 

25 

40. The apparatus of claim 33 wherein said 
electrodes are coated with macromolecules . 

41. The apparatus of claim 40 wherein said 
30 macromolecules include a polynucleotide vaccine. 

42. The apparatus of claim 40 wherein said 
macromolecules include a solid phase polynucleotide 
vaccine . 

35 

43. The apparatus of claim 40 wherein said 
macromolecules include a DNA vaccine. 
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44. The apparatus of claim 40 wherein said 
macromolecules include a solid phase DNA vaccine. 

45. The apparatus of claim 40 wherein said 
5 macromolecules include a RNA vaccine. 

46. The apparatus of claim 40 wherein said 
macromolecules include a solid phase RNA vaccine. 

10 47. The apparatus of claim 40 wherein said 

macromolecules include a protein-based vaccine. 

48. The apparatus of claim 40 wherein said 
macromolecules include a solid phase protein-based 

15 vaccine. 

49. An apparatus for delivery of molecules into 
biological cells, comprising: 

a waveform generator which provides pulse 

20 waveforms, 

an electrode assembly holder, and 
an electrode assembly which is mechanically 
supported by said electrode assembly holder and which is 
electrically connected to said waveform generator through 
25 electrically conductive pathways, wherein said electrode 
assembly includes electrodes which are coated with the 
molecules to be delivered into the biological cells, 
wherein said electrodes are coated with a solid phase DNA 
vaccine . 

30 

50 . A packaged sterile electrode assembly which 
includes : 

a sterile electrode assembly which includes 
electrodes which are coated with the molecules to be 
35 delivered into biological cells, wherein said electrode 
assembly includes electrode-assembly-conductive strips for 
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connection to electrically conductive pathways to said 
waveform generator, and 

an internally sterile package which encloses 
said sterile electrode assembly contained therein. 

5 

51. The packaged sterile electrode assembly of 
claim 50 wherein said electrodes include electrically 
insulated outer surface electrode tip portions and 
electrically insulated outer surface electrode base 

10 portions. 

52. The packaged sterile electrode assembly of 
claim 50 wherein said electrodes are in a form of needle 
electrodes . 

15 

53. The packaged sterile electrode assembly of 
claim 50 wherein said electrodes are coated with 
macromolecules . 

20 54 • The packaged sterile electrode assembly of 

claim 53 wherein said macromolecules include a 
polynucleotide vaccine. 

55. The packaged sterile electrode assembly of 

25 claim 53 wherein said macromolecules include a solid phase 
polynucleotide vaccine. 

56. The packaged sterile electrode assembly of 
claim 53 wherein said macromolecules include a DNA 

30 vaccine. 

57. The packaged sterile electrode assembly of 
claim 53 wherein said macromolecules include a solid phase 
DNA vaccine. 

35 
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58. The packaged sterile electrode assembly of 
claim 53 wherein said macromolecules include a RNA 
vaccine . 

5 59. The packaged sterile electrode assembly of 

claim 53 wherein said macromolecules include a solid phase 
RNA vaccine. 

60. The packaged sterile electrode assembly of 
10 claim 53 wherein said macromolecules include a protein- 
based vaccine. 



15 



61. The packaged sterile electrode assembly of 
claim 53 wherein said macromolecules include a solid phase 
protein-based vaccine. 
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